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ABSTRACT
Objective: Research evidence offers mixed results regarding the relationship between early child care
attendance and childhood asthma and wheezing. A meta-analysis was conducted to synthesize the
current research evidence of the association between early child care attendance and the risk of child-
hood asthma and wheezing. Method: Peer reviewed studies published from 1964–January 2017 were
identified in MEDLINE, CINAL, and EMBASE using MeSH headings relevant to child care and asthma.
Two investigators independently reviewed the selected articles from this search. All relevant articles
thatmet our inclusion criteria were selected for further analysis. Datawere extracted from studies that
had sufficient data to analyze the odds of asthma or wheezing among children who attended child
care. Results: The meta-analysis of 32 studies found that (1) early child care attendance is protective
against asthma in children 3–5 years of age but not for children with asthma 6 years of age or older. (2)
Early child care attendance increases the risk of wheezing among children 2 years of age or younger,
but not the risk ofwheezing for children over 2 years of age.Conclusions: Thismeta-analysis shows that
early child care attendance is not significantly associatedwith the risk of asthma orwheeze in children
6 years of age or older.
Introduction
Asthma is a leading respiratory disorder among chil-
dren worldwide (1). When poorly controlled, childhood
asthma can result in significant health care costs and have
a negative impact on the quality of life of affected children
and their families (1,2). Research studies suggests that
asthma may develop in response to complex interactions
between genetic variants and environmental exposures
(3,4), which may include early life exposure to child care
outside the home.
Increased utilization of child care outside the home
has coincided with greater maternal participation in the
workforce in both the United States and abroad (5). For
example, 52% of children in the United States attended
child care in 1993 (6) and by 2011, 61% of children under
the age of 5 years attended child care for an average of
36 hours per week (7). Although child care can provide a
safe, nuturing environment outside the home for children
with working parents, attending child care may increase
CONTACT Alicia Swartz alicia.swartz@ucsf.edu Family Health Care Nursing, University of California San Francisco School of Nursing,  Koret Way, San
Francisco -, CA, USA.
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young children’s incidence of upper and lower respira-
tory tract infections (8–11), which is a potential risk factor
for the development of asthma in childhood (12,13). In a
longitudinal study of respiratory infections among chil-
dren 2 to 24 months of age, attending child care was
associated with an increased risk of bronchial obstruc-
tion in the first 2 years of life, but not asthma at 4 years
of age (14). However, there are consistent findings in sev-
eral studies (15–18) demonstrating an increased risk of
asthma among children who attend child care compared
to those who did not attend child care. For instance, one
case-control study found that childrenwho attended child
care within the first 4 months of life were 1.6 times more
likely to develop asthma later in childhood (19), and one
longitudinal study reported that children who attended
child care before 6 months of age were 3.1 times more
likely to have asthma at 7 years of age (17). Alternatively,
other studies suggest that child care attendance before
12 months of age is protective against asthma later in
childhood (20–22).
©  Taylor & Francis Group, LLC
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In summary, studies of child care attendance and
asthma offer conflicting results. Previous studies have not
consistently offered comparitive analyses of the effect of
the child’s age at the time of exposure or attendance in
child care on the risk of asthma or wheeze. Therefore,
we conducted a meta-analysis to evaluate the strength of
the relationship between the age of entry into child care
and the age of diagnosis of asthma or the age of onset of
wheeze in children. A more refined understanding of this
relationship may be salient for both health care providers
and parents, given that family decisions regarding child
care arrangements not only focus on location, cost, and
type of child care, but also on health concerns, including
the potential risk of infectious diseases and asthma.
Methods
Study design
We conducted a meta-analysis of studies evaluating the
association between child care attendance and childhood
asthma or wheeze. We describe the methodology below,
using guidelines based on PRISMA, a standard report-
ing system for meta-analyses (23). The literature search
was conducted through the following databases: PubMed
(MEDLINE), CINAL, and EMBASE using MeSH head-
ings relevant to child care attendance and asthma; asthma
was combined with child care, child preschool, child day
care centers, and schools nursery. The search yielded orig-
inal studies published in English from the inception of
PubMed (1964) to January 9, 2017.
Definition of child care and child care exposure
There are a variety of terms used to refer to child care set-
tings internationally, including child care, day care, nurs-
ery school, preschool, and pre-kindergarten. Child care
can be provided in a variety of settings, including center-
based and home-based (i.e., family child care homes).
These programs can be publicly-funded by local, state, or
federal agencies, or they can be privately operated (either
for-profit or non-profit). Additionally, there are differ-
ences in the quality of care and amount of time children
spend in child care. Some programs offer part-day or full-
day and part-year or full-year. The programs also dif-
fer in the number of children present in each age group.
We defined “child care” as programs that offer early care
and education for young children in out-of-home settings
before kindergarten entry. Henceforth in this paper, these
programs will be referred to as child care.
We also defined child care exposure as the onset of
attendance in child care, measured by the age of atten-
dance in child care. Given that children under 12 months
of age who attend child care have a higher risk of respira-
tory infections, (11,24), which may subsequently increase
their risk of asthma (25,26), we used 12 months as the
comparison age to determine if the risk of asthma in
young children was different for children under or over
12months of age. Therefore, child care exposure was cate-
gorized as any child care attendance, early child care atten-
dance (entering child care before 12 months of age), and
late child care attendance (entering child care between 1
to 5 years of age).
Definition of outcomes
The outcomes evaluated in the study are parent report
of asthma and/or wheeze (see Tables 1 and 2). Medical
provider report or pulmonary function testing was not
uniformly required in the studies to confirm the diagno-
sis. We stratified these outcomes by age. To be consistent
with studies that report stronger evidence of confirmed
asthma among children older than 5 years of age (27), we
compared children diagnosed with asthma between the
ages 3–5 years to those diagnosed between the ages of 6 to
18 years. Similarly, the outcome of wheezing was catego-
rized by diagnosis between the ages 0–2 years, 3– 5 years,
and 6–18 years.
Study selection
Studies were included if they met the following inclusion
criteria. Studiesmust include a sample of children 18 years
of age or younger. In addition, the articles reported the
age of child care attendance, the diagnosis or identifica-
tion of asthma on or after 3 years of age, and the diag-
nosis or identification of wheeze on or after 1 year of
age. All studies must provide the crude odds ratio (OR)
measuring the association between child care attendance
and childhood asthma or wheeze, and/or provide enough
data to calculate the crude OR. Studies were excluded if
they were review articles, non-English language articles,
or if they did not provide enough information to calculate
an OR.
Two independent reviewers conducted the study selec-
tion in three phases using the inclusion criteria. First,
each full bibliographic reference identified in the database
search was reviewed. After narrowing down the arti-
cles, the abstracts from these references were reviewed.
Finally, the full text of the selected articles was reviewed to
determine, which assessed the association between child
care attendance and asthma or wheeze in children. A
kappa score was calculated during each step of the arti-
cle selection process to determine the degree of agreement
between the two reviewers. Inter-rater reliability was valid
for kappa scores indicating greater than 80% agreement.
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Differences were resolved by informal consensus among
all participating reviewers. Retrieved full text articles were
cross-referenced and manually screened for any poten-
tially missed articles. Lastly, study authors were contacted
to review our list of selected articles.
Data extraction and analysis
The following data were extracted from the selected stud-
ies by two lead investigators: authors’ names, publica-
tion year, country of study, study design, sample size,
study population type, mean or age range, gender of par-
ticipants, age when child care attendance was assessed,
age when asthma and/or wheeze was assessed, type of
risk factors or confounders adjusted for in the mod-
els, and the statistic reported on the outcome variable
of interest (asthma or wheeze) including: odds ratio,
adjusted odds ratio, or relative risks, and 95% confidence
intervals.
Data were pooled using a meta-analysis model.
Random-effects was applied to each meta-analysis model
with high heterogeneity as indicated by statistical tests.
Heterogeneity was measured using the I-squared statis-
tic. The pooled results were graphed using a forest plot
for each association measured between child care atten-
dance and asthma or wheeze. Because unique samples are
needed for pooled analysis, only the most recent publi-
cation was included when duplicate samples were found
among our selected studies. We examined the poten-
tial for weighted influence of any given study by look-
ing at the percentage of total weight to the final pooled
results for each study. Publication bias was assessed using
funnel plots (28). All analyses were performed using
Stata 13.1 (29).
Of the studies that provided sufficient data, we strat-
ified the models to compare the effects of the age of
entry into child care (any child care attendance, early
child care attendance, or late child care attendance). We
also categorized the outcomes (either asthma or wheeze)
into different diagnostic age groups (ever/any diagno-
sis or identification, 0 to 2 years, 3 to 5 years, and 6 to
18 years).
Results
Descriptive results
Our search used broadMeSH headings to cast a wide net,
which resulted in identifying 16,749 citations. Applica-
tion of our inclusion/exclusion criteria produced 43 stud-
ies of the relationship between child care attendance and
childhood asthma orwheeze. Thirty-two studies included
results that met the criteria to be included in the meta-
analysis (Figure 1). Of the 32 included studies, 22 stud-
ies reported the odds of asthma among children who
attended child care (Table 1) and 13 studies reported the
odds of wheeze among children who attended child care
(Table 2). Three studies reported the odds of both out-
comes. Based on the funnel plot analyses, there was no
evidence of publication bias among the selected studies.
Among the pooled studies that evaluated the relation-
ship between child care attendance and asthma (n = 20),
the participants (mean = 12,156 participants, range =
453–109,746) were recruited from pediatric clinical set-
tings from 9 countries, with the majority from either the
United States (n = 10) or Canada (n = 5). Two studies
(30,31) could not be included in this model due to the
inclusion of duplicate samples from other studies (22,32).
The pooled results from these studies are summarized
in Table 3. Similar to the studies that evaluated asthma,
the participants (mean = 3465 participants; range 109–
16,333) from the studies that evaluated the relationship
between child care attendance and wheeze (n = 11) were
recruited from pediatric clinical settings from 11 coun-
tries. Two studies (31,33) could not be included in this
model due to the inclusion of a duplicate sample from
another study (22). The pooled results of this group of
studies are summarized in Table 4.
Pooled results: Child care attendance and asthma
The pooled analysis showed that children who attend
child care at any age have increased odds of asthma
between ages 0 to 18 years compared to children who did
not attend child care (OR = 1.17 [95% CI, 1.01–1.35]; I2
statistic = 80.4%) (Table 3). The stratified analysis based
on the age of entry into child care showed that there was
no association between asthma among children and ado-
lescents (0 to 18 years of age)who attended early child care
compared to those who did not attend child care (OR =
0.94 [95% CI, 0.70–1.27]; I2 statistic = 64.4%) (Table 3).
In contrast, the odds of asthma among children and ado-
lescents (0 to 18 years of age) who attended late child care
was increased, compared to children who did not attend
child care (OR = 1.19 [95% CI, 1.01–1.41]; I2 statistic =
32.5%) (Table 3).
We found no association between asthma at ages 3
to 5 years among children who attend child care at any
age compared to children who did not attend child care
(OR = 1.11 [95% CI, 0.92–1.35]; I2 statistic = 0.0%)
(Table 3). The stratified analysis based on the age of entry
showed that children who attended early child care had
a reduced odds of asthma at 3 to 5 years of age com-
pared to children who did not attend child care (OR =
0.66 [95%CI, 0.50–0.87]; I2 statistic= 0.0%) (Table 3). No
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Figure . Search results.
associationwas found between childrenwho attended late
child care and their odds of asthma at 3 to 5 years of age,
compared to children who did not attend child care (OR
= 1.12 [95% CI, 0.90–1.38]; I2 statistic = 0.0%) (Table 3).
No association was found between asthma diagnosed
at 6 to 18 years of age among children who attended child
care at any age compared to children who did not attend
child care (OR = 1.08 [95% CI, 0.88–1.33]; I2 statistic =
57.2%) (Table 3). Additionally, there was no association
between asthma at 6 to 18 years of age and early child care
attendance compared to no child care attendance (OR =
0.98 [95% CI, 0.66–1.47]; I2 statistic = 63.4%) (Table 3)
or late child care attendance compared to no child care
attendance (OR = 1.47 [95% CI, 0.73–2.97]; I2 statistic =
71.1%) (Table 3).
Pooled results: Child care attendance andwheeze
The pooled analysis showed that there was no associa-
tion between children who attended child care at any age
compared to children who did not attend child care, and
the odds of wheeze between 0 to 18 years of age (OR =
1.07 [95% CI, 0.83–1.39]; I2 statistic = 86.8%) (Table 4).
These studies are highly heterogeneous. Stratification of
these studies by the age of entry into child care suggests
that there is no association between the odds of wheez-
ing among children under 18 years of age who attended
early child care (OR = 0.98 [95% CI, 0.55–1.75]; I2 statis-
tic = 91.5%) or late child care (OR = 0.91 [95% CI, 0.54–
1.52]; I2 statistic = 85.0%) when compared to those chil-
dren who did not attend child care (Table 4).
Table . Summary of pooled results: child care attendance and asthma.
Exposure: Child Care Attendance
∗
Early Attendance Late Attendance
Outcome: Asthma diagnosis or Attendance starting younger than Attendance starting at  months of
identiﬁcation age Attendance at any age  months of age age or older
0–18 years OR= . (., .) OR= . (., .) OR= . (., .)
0–2 years No Data No Data No Data
3–5 years OR= . (., .) OR= . (., .) OR= ., (., .)
6–18 years OR= . (., .) OR= . (., .) OR= . (., .)
When appropriate meta-analysis models were conducted using log scaled odds ratios and random eﬀects.
∗Compared to no child care attendance.
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Table . Summary of pooled results: child care attendance and wheezing.
Exposure: Child Care Attendance
∗
Early attendance Late Attendance
Outcome: Wheezing diagnosis or Attendance starting younger than Attendance starting at  months of
identiﬁcation age Attendance at any age  months of age age or older
0–18 years OR= . (., .) OR= . (., .) OR= . (., .)
0–2 years OR= . (., .) OR= . (., .) No Data
3–5 years OR= . (., .) OR= . (., .) OR= . (., .)∗∗
6–18 years OR= . (., .) OR= . (., .) No Data
When appropriate meta-analysis models were conducted using log scaled odds ratios and random eﬀects.
∗Compared to no child care attendance.
∗∗This category includes data from  study.
The relationship between child care exposure and risk
of wheeze differs by the age of wheeze diagnosis. There
are increased odds of wheeze among children 2 years of
age or younger who attended early child care compared
to those who did not attend child care (OR = 1.80 [95%
CI, 1.38–2.36]; I2 statistic= 63.9%) (Table 4). In contrast,
there was no association between the odds of wheeze for
3 to 5 year olds among children who attended early child
care compared to those who did not attend child care
(OR = 0.59 [95% CI, 0.31–1.12]; I2 statistic = 55.0%)
(Table 4). There are decreased odds of wheeze among
children 6 to 18 years of age who attended early child
care compared to those who did not attend child care
(OR = 0.43 [95% CI, 0.27–0.68]; I2 statistic = 0.0%)
(Table 4).
We were not able to conduct a stratified analysis on the
effect of late child care attendance on wheeze in the dif-
ferent age categories. There was only one study that eval-
uated the effect of late child care attendance on wheeze
between 3 to 5 years of age, which reported reduced
odds of wheeze (OR = 0.43 [95% CI, 0.24–0.77]). There
were no studies that evaluated the effect of late child care
attendance on wheeze among children 6 years of age or
older.
Discussion
This meta-analysis of 32 studies found an overall small
increased risk of childhood asthma among children who
attended child care compared to children who did not
attend child care. However, we found that this outcome
depends on the age of asthma diagnosis and the timing
of child care exposure.When the findings are stratified by
early (before 12 months) and late (after 12 months) child
care attendance, our results suggest that early child care
attendance has a protective effect against asthma in chil-
dren 3 to 5 years of age; however, the effect is not sus-
tained for childrenwith a diagnosis of asthma after 5 years
of age. Additionally, we found that that early child care
attendance increases the risk of wheeze among children
two years of age or younger, but not the risk of wheeze in
children older than 5 years of age.
A protective effect of early child care attendance on
asthma is consistent with the hygiene hypothesis (34)
which suggests that the lack of exposure to infectious
diseases (commonly found in child care settings) may
increase the risk of allergic diseases, such as asthma (35),
in childhood. However, in our analysis, we found that the
protective effect of child care, if any, seems to be transient.
We did not note long term protection after 5 years of age
when the diagnosis of asthma is more conclusive. Specifi-
cally, no association was found between 6 to 18 years of
age, which may be due to the amount of heterogeneity
observed among those studies.
Wheeze is a common presentation of viral infections
frequently observed in infants who attend child care (26).
Therefore, the increased risk of early/transient wheeze
among children two years of age or younger who attend
child care could be driven by the studies that measured
wheeze at 1 year of age. The increase in wheeze is likely
representative of the increased risk of viral infections in
this age group. These results also suggest the importance
of analysis stratified by age of diagnosis. By stratifying
our models, we found that if the diagnosis is at an early
age (two years or younger), there is an increased risk of
wheeze for childrenwho attend child care. However, there
is a protective effect of early child care against wheeze in
the older age group.
The studies included in this meta-analysis vary in
quality and design, include both longitudinal and cross-
sectional designs, and represent heterogeneous data from
several different countries around the world, spanning
more than two decades. This heterogeneity might affect
the internal validity of the findings. Although the use of
a random-effects meta-analysis model produces a more
conservative estimate of the pooled statistic of heteroge-
neous data, it does not fully account for the heterogeneity
observed in our data. Despite the differences in popula-
tion demographics, location and the timing of the studies,
the main source of heterogeneity is likely attributed to the
variation in the amount or type of each child’s exposure
to child care (e.g. duration of time spent in child care per
week, type of child care setting, quality of child care, or
number of other children in attendance).
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Additionally, variations in child care settings (e.g. cen-
ters or family child care homes) can lead to misclassifica-
tion bias when comparing one type of child care arrange-
ment to another. For example, the included studies did not
differentiate between the amount of exposure of a child
who attends a large child care center with 20 other chil-
dren 37 hours per week from that of a child who attends a
small family child care homewith 2 other children 6 hours
per week. The measurement of child care attendance in
the reviewed studies was not specific enough to accurately
group the children by exposure. As a result, it is difficult
to identify a dose–response relationship beyond the effect
of the age of child care attendance on asthma or wheeze.
The rate of each child’s exposure to child care (hours per
week), and the number of other children attending child
care would need to be measured to standardize compar-
isons across child care programs.
Other potential variables that may play a role in
increasing the heterogeneity between studies include dif-
ferences in sample-specific potential confounding fac-
tors in each study, such as maternal history of asthma
(22), maternal smoking (36), breastfeeding status dur-
ing the first year of life (37), and the number of siblings
present in the home (21). Our analysis pooled the crude
odds of either asthma or wheeze among children without
accounting for these potential confounding factors.
Additionally, the selected studies had the potential for
selection bias regarding sociodemographic characteris-
tics. For example, most studies had families with “high”
socioeconomic status (SES), which may limit the general-
izability of our findings. Since high SES families tend to
send their children to high quality child care programs
that are more likely to adhere to quality standards for
health and safety (38), children’s rate of exposure to health
and safety hazards (i.e.; infectious diseases) in high quality
child care may differ from children attending lower qual-
ity child care.
The variables of interest in this study (child care atten-
dance, asthma, and/or wheeze) were all identified by
parent report, which introduces potential reporting and
recall bias, especially for the age of entry into child care
and age of asthma diagnosis or wheeze. However, many
of the studies stated that parents were able to recall if
their child attended child care before 12 months of age.
Additionally, the parent’s report of a diagnosis of asthma
among children ages 3–5 years of age can be problematic,
as it can be difficult to confirm a diagnosis of asthma for a
child under 6 years of age (39). To determine if there was
any difference in the results between stratifying the out-
come of asthma diagnosis before or after 6 years of age
compared to asthma diagnosed before or after 5 years of
age, we conducted a sensitivity analysis and found no dif-
ference in our results.
Most studies included in our meta-analysis were
cross-sectional, limiting our ability to establish a causal
relationship between early child care attendance and later
diagnosis of asthma or wheeze in childhood. Of the lon-
gitudinal studies included in our model of the association
between child care attendance and asthma, one found
that early child care attendance was associated with an
approximate two-fold increased risk of asthma at 7 years
of age (17), which is not consistent with our findings.
Our findings of the association between child care
attendance and wheezing were consistent with the lon-
gitudinal studies (22,31,33,40) identified in our search.
Specifically, one longitudinal study (33) found that early
child care attendance increased the risk of wheezing at
1 year of age, but not at 4 or 6 years of age (22,31). Another
longitudinal study (40) found that early child care atten-
dance was protective for wheezing at 6 years of age.
Finally, the studies included in our meta-analysis
were limited to those published in English peer-reviewed
journals entered into three medical journal databases
(EMBASE, MEDLINE, and CINAHL) from the earli-
est entries in these databases (1946) to January 9, 2017.
Therefore, some relevant studies may not have been
included in our final analysis, which could bias our
results. Although our funnel plot analysis demonstrated
no potential publication bias, there is a remaining possi-
bility of missing a study published in non-peer reviewed
journals or outside of the search timeframe.
Conclusion
We found that early child care attendance increases the
risk of wheeze among children 2 years of age or younger,
but decreases the risks of asthma among children 3 to
5 years and wheeze among children 6 years and older.
However, early child care attendance was not significantly
associated with reduced risk of asthma after 6 years of age.
The effect of late child care attendance (after 1 year of age)
on asthma and wheeze remains inconclusive.
Clinically, the results of this analysis are useful for pri-
mary care providers who care for young children. The
most common health concerns for parents of children
less than 5 years of age include acute infections, allergies,
and asthma (41). Parents can be reassured that despite the
increase in respiratory infections observed in the first year
of life among children who attend early child care, child
care attendance before 1 year of age is not significantly
associated with asthma or wheeze later in childhood.
For clinical investigators, the variation among stud-
ies in this review highlights the need for standardized
definitions of child care exposure and asthma diagno-
sis in children. We recommendations that future stud-
ies evaluating potential health risks associated with child
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care attendance include standardized measures of child
care environmental quality, such as environmental rating
scales (42) and national health and safety performance
standards (43) to provide a more in depth and compara-
ble description of child care facilities. Additionally, stan-
dardized definitions of children’s time spent in child care
could increase the validity and reliability of the findings to
determine the dose-response relationship between child
care exposure and health outcomes.
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